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Digital FIR filter design for bio-signal processing system

Woojin Nam, Guang Yang, Seongsoo Lee
(School of Electronic Engineering, Soongsil University, Seoul 156-743, Korea)

Abstract: Recently, real-time processing systems for bio-signal of the muscles generated by the movement of the user have
been developed. Finite impulse response (FIR) filter for bio-signal processing in bio-signal process systems is composed of
multiple multiplier and adder of high-area. This makes the chip area increase significantly. To solve this problem, a low-area
digital FIR filter is proposed in this paper, which can reduce the chip area.
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0 Introduction

With the development of advanced medical techn-
ology, continuous development of new drugs is
flooded with health-related knowledge, but the re-
ality is still an uphill battle with a chronic illness.
Spending of the cost of health care above economic
growth rate, we cannot escape from the dilemma of
the center of treatment according to the lack of in-
formation. In addition, the burden of medical cost
is constantly increasing because of surging in de-
mand for aged care services and increasing chronic
disease due to low fertility and aging. And increas-
ing loss of social and economic cost such as the in-
crease of prevalence due to unhealthy lifestyle, huge
medical expenses that are required to treat, and loss
of productivity due to illness that is recognized to
deal with by the social and national level beyond the
personal interests. To escape from the proliferation
of chronic illness due to aging and new disease out-
breaks due to industrial upgrading, obesity and com-
plications due to food and eating habits and a vari-
ety of diseases, scientific management movement
has been steadily suggested. Sports activities that
are playing 1 or 2 times per week regularly reduce
the incidence of the disease and using of the fre-
quency of health service and can obtain economic
effects by increasing productivity. In the past, sig-
nal processing measured only the physical movement
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by the user’s external environment. Recently, real-
time processing systems for bio-signal of the muscles
generated by the movement of the user have been
developed. Biometric information can be represent-
ed as physiological signals and stress exponential by
using bio-signal as well as health information. These
bio-signal measurement devices feel inconvenient to
move due to the size and wired interfaces. To solve
this problem, research on a portable bio-signal mea-
surement device is in progress ' .

In this paper, low area digital finite impulse re-
sponse (FIR) filter for processing bio-signal infor-
mation is proposed. Conventional FIR filter for
processing bio-signal decides to create a significant
chip area because of a number of multiplication and
adder. To solve these problems, the low area digital
FIR filter is proposed to minimize chip area.

1 Bio-signal processing system

The overall structure of bio-signal system is divid-
ed into analog system-on-chip (SoC) and digital
SoC. Analog SoC is composed of sensor, analog fil-
ter and analog to digital converter (ADC). Digital
SoC is composed of momentum measurement module
and signal correction module. Bio-signal is convert-
ed to digital signal through ADC in analog SoC.
Then it is sent to microprogrammed control unit
(MCU) through FIR filter in digital SoC. This sig-
nal is processed in MCU using algorithms of bio-sig-

Foundation item: The MKE(the Ministry of Knowledge Economy), Korea, under the ITRC(Information Technology Research Center) sup-
port program supervised by the NIPA(National IT Industry Promotion Agency) (NIPA-2012-H0301-12-2006); the Seoul
Metropolitan Government, under the Seoul R & BD Program supervised by Seoul Business Agency (ST110039)

Corresponding author: Woojin Nam (nwj@ssu. ac. kr)



Woojin Nam, et al. / Digital FIR filter design for bio-signal processing system 95

nal processing and momentum measurement. FIR
filter contains FIR filter coefficient for noise reduc-
tion.

1.1 Analog SoC

Analog SoC is consists of three-channel sensor
that measure electromyogram (EMG) signals, ana-
log filter that can reduce noise and separate frequen-
cy band, ADC that converts analog signals into digi-
tal signals. Three-channel sensor measures EMG and
analog filter classify frequency band for incoming
signal from three-channel sensor. Signals of each
frequency band are converted digital signals through
ADC and transmitted to digital SoC.

1.2 Digital SoC

The transmitted signal from analog SoC goes
through signal correction module, and then noise is
removed and signal is compensated through TRP,
SRP. Compensated signal measure the momentum in
the momentum measurement module. Compensated
signal measure the momentum in the momentum
measurement module. Universal I/O can use the
four channels.
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Fig.1 Bio-signal processing system

In a system using sensors, sensor data reliability is
required. Therefore, to prepare to break down sen-
sor device, building block for the sensor array used

as a plurality of the same type of sensor is common.
The measured values at the same time in the sensor
array through spatial relation processing use the
same type of sensor data values spatially located in
different locations, the status of each sensor signal
value is determined normal or error. In situations
where it is determined error, using around the same
kind of sensor data to restore related sensor data
value or sensor data value that is suspected, error is
not sent to sensor signal processing block™ . Process
using temporal relation processing is used to com-
pare tendency to decrease or increase for collected
sensor signals of each sensor device and remove
transient signals of very short time interval.

2 FIR filter

Digital filter is used FIR filter. FIR filter is called
a finite impulse response system. FIR filter output
has not been feedback. It calculates the output by
the input. In addition, the stability is guaranteed
and the phase is linear. This formula is a way by av-
eraging the output. In other words, the output is to
average error value.

y(n) = box(n)+b,(x—-1)+
byx(n —=2)+ 4+ by ,x(n—N+1).

FIR filter structure consists of data shifter, multi-
plier that multiplies filter coefficients, adder that
summarizes each value. Conventional 20-order filter
is 21-tap filter that needs 21 multipliers that multi-
ply input data by filter coefficients. Fig.2 is a gen-
eral 20-order FIR filter structure. 21 multiplier and
20 adders are used to increase area, floating point
multiplier composed of mantissa and exponent is for
excellent performance but it is hard for area prob-
lem.
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Fig.2 Conventional architecture
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3 Proposed architecture

In this paper, to decrease area of adder, filter co-
efficients transform floating point into fixed point
within the limit of minimum margin of error. In ad-
dition, Using the data output from the sensor that
operates at low speed, we propose FIR filter that
operates at high speed by using one multiplier and
reusing adder while following input is coming. Fig.3
presents the proposed FIR filter structure. In
Fig.3, we use shift register. First, input value and
filter coefficients are matched, and then two values
are multiplied and added. Finally, Data _out is ob-
tained after 20 inputs come in. By using the same
method, to decrease area of multiplier, multiplier is
implemented by shifter and adder.
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Fig.3 Proposed architecture

The input data can be forwarded to the a0 from
a20. The data is shifted once per one clock. There-
fore, to store in a0, it needs 20 clocks. At this
point, multiplication coefficient for multiplication
operation must also shift. Twenty-one inputs is mu-

Itiplied with the corresponding coefficients. the re-
sults comes after sum of the value of 21.

4 Conclusion

In this paper, we propose low area FIR filters for
bio-signal processing. Conventional FIR filter con-
sists of 21 multipliers and 20 adders. So area of the
filter is too large. The proposed FIR filter can be
operated at the same operating frequency and can
reduce power consumption because unnecessary op-
eration is reduced about the multiplier and adder. In
addition, the proposed filter significantly reduce the
circuit area by reducing 20 multipliers and 19
adders. The number of 2-NAND of the conventional
FIR filter is 21 492, but the number of 2-NAND of
the proposed filter is 8 331. Therefore, the prop-
osed filter can reduce 13 161 2-NANDs.

Table 1 2-NAND gate comparison

Filter 2-NAND
Conventional FIR Filter 21 492
Proposed FIR Filter 8 331
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